Objectives: Small for gestational age infants have an increased risk of immediate complications, short-term morbidity and mortality, and long-term neurologic and metabolic disorders in adulthood. Previous research has shown that reduced sleep duration is a risk factor for SGA birth. However, only a few studies have evaluated maternal sleep as a risk factor for SGA birth. In the present study, we investigated the relationship between the amount and quality of mothers' sleep and infants' birth weight.
Introduction
Small for gestational age (SGA) infants have an increased risk of immediate complications, short-term morbidity and mortality, and long-term neurologic and metabolic disorders in adulthood [1, 2] . SGA is defined as a birth weight below the 10th percentile at any gestational age [3, 4] . Although several risk factors for SGA have been identified, some remain unknown. In our previous study, the analysis of the Japan Environment and Children's Study (JECS) data set showed that neither severe nausea nor vomiting in early pregnancy nor hyperemesis gravidarum was associated with an increased risk for SGA birth [5] .
One study showed that reduced sleep duration was a risk factor for SGA [6] . However, only a few studies have evaluated the role of maternal sleep in SGA birth. Thus, in the present study, we investigated the relationship between the amount and quality of mothers' sleep and infants' birth weight using data from the JECS.
Main text

Methods
Data used in this study were obtained from the JECS, an ongoing cohort study that was started in January 2011. The JECS was designed to follow-up mothers using a survey until their newborns reached the age of 13 years. Its objective was to elucidate the effect of environmental factors on children's health. The detailed methodology has been previously reported [7] .
In brief, pregnant women were recruited during the approximately 3-year recruitment period until March 2014. 15 study regions were selected throughout Japan. We met with as many pregnant women as possible who
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*Correspondence: morokuma@med.kyushu-u.ac.jp 2 Department of Obstetrics and Gynecology, Kyushu University Hospital, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Japan Full list of author information is available at the end of the article lived in the study area. One of the following recruitment protocols was carried out: (1) recruitment at the time of the first prenatal examination at participating health care institutions, and/or (2) recruitment at local government offices issuing the Mother-Child Health Handbook, which is a complimentary official booklet that all expecting mothers in Japan are given when they become pregnant. The JECS was conducted after obtaining written informed consent from all participants. However, we excluded those who had reasons that made it difficult for them to fill in the questionnaire in Japanese; for instance, if an individual was traveling to her hometown to deliver her baby, she could not participate in the survey [7, 8] .
As of the end of 2011, 9646 participants had delivered successfully. After excluding missing data and premature birth, we analyzed the data of the remaining 8631 women who had singleton, full-term (≥37 weeks, but <42 weeks) pregnancies ( Fig. 1 of the previous article [5] ). The present study is based on the dataset of jecs-ag-ai-20131008, which was released in October 2013.
Follow-ups were done using self-administered questionnaires, which were filled out during the first and second trimesters of pregnancy and at 1 month after birth. We obtained the medical data by transcribing medical records which were updated during the first trimester, at the time of delivery, and 1 month after birth. The questionnaires collected data related to pregnancy history, general medical history, and confounding and modifying factors such as social and lifestyle factors. From the transcribed medical data, we collected the birth weights and other data related to pregnancy and childbirth, such as gestational age, parity, and labor complications.
The sleep index was included in the questionnaire for the second trimester. As a quantitative index of sleep, we calculated "hours of sleep" as the time interval between when a pregnant woman went to bed and got out of bed. Duration of sleep was classified into five categories based on a previous study among pregnant Japanese women [9] . As a qualitative index of sleep, we used the answer to the following question on the questionnaire based on a national health investigation [10] : "How would you rate your average mood upon waking over the previous month?" Scores of 1, 2, 3, 4, and 5 represented extremely bad, relatively bad, normal, relatively good, and extremely good, respectively. Scores of 3, 4, and 5 were used as references for 1 and 2.
The participants underwent ultrasonography during their first trimester, and for women with a difference of ≥7 days in their due date, as calculated from their last menstrual period, we used the due date derived from an ultrasound examination. Birth weights were transcribed from medical records. SGA was defined as birth weight <10th percentile of birth weight standards by gestational age for Japanese neonates [11] .
The covariates of maternal age, pre-pregnancy body mass index (BMI), parity, smoking, hypertension, and alcohol consumption were included in the questionnaire for the first trimester. Covariates of education and income were included in the questionnaire for the second trimester. The covariate of maternal weight gain during pregnancy was calculated based on information from medical records.
Statistical analyses
We assessed the relationships among hours of sleep, tiredness upon waking and SGA birth in subjects who had single, full-term births. A log-binomial regression model was used to estimate crude risk, confounder-adjusted risk and 95% confidence interval (CI) for SGA birth. The following potential factors were assessed for confounder adjusted risk: maternal age, pre-pregnancy BMI, gestational age at birth, smoking, hypertension, alcohol consumption, and education. All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
The means of maternal age, gestational age at birth, and birth weight were 30.6 ± 4.98 years, 39.0 ± 1.14 weeks, and 3051 ± 369.85 g, respectively. Results of the univariate analysis for birth weight, which accounted for confounding background and social factors, are shown in a table in the previous article [5] .
SGA risk ratios for participants with pre-pregnancy BMI < 18.5 kg/m 2 , who smoked, had hypertension, and had weight gain of <7 kg during pregnancy were 1.58 (95% CI 1.32-1.90), 1.48 (95% CI 1.11-1.97), 1.73 (95% CI 1.17-2.56), and 1.28 (95% CI 1.05-1.55), respectively, indicating that the risk of SGA birth was slightly elevated in these participants. When the pre-pregnancy BMI was ≥25 kg/m 2 and weight gain during pregnancy was >12 kg, the SGA risk ratios were 0.60 (95% CI 0.43-0.85) and 0.52 (95% CI 0.41-0.66), respectively, indicating a slightly decreased risk for SGA birth.
Crude and adjusted risk ratios for the influence of sleep on birth weight are shown in Table 1 . No significant results were observed for any sleep duration in our investigation. In addition, sleep quality was not associated with risk of SGA birth.
Discussion
In the present study, neither sleep duration nor tiredness upon waking was associated with risk of SGA birth. Similar to other biologic variables, daily sleep duration in any healthy adult population is normally distributed. The sleep duration of pregnant Japanese women is also normally distributed, and the most common sleep duration is 7-7.9 h [9] . According to a previous national health investigation, 20% of general adults experience bad quality of sleep [10] . Consistent with this finding, in this study, 23.3% of pregnant women experienced bad quality of sleep.
Sleep disorders during pregnancy are known to influence the occurrence of hypertension in pregnant women [12, 13] . Thus, although it was thought that sleep disorders were a risk factor for low birth weight, the results of the present study did not confirm this. Abeysena et al. [6] reported that shorter sleep duration (<8 h) was a risk factor for SGA birth when SGA was defined as a birth weight less than the fifth percentile. However, no other study has reported reduced sleep duration as a risk factor for SGA birth [14, 15] . The definition of "shorter sleep duration" may differ between countries and regions, and in some regions, time spent not sleeping may be interpreted as time at work. Thus, in future studies, it is necessary to carefully investigate the effect of various factors including sleep duration, working hours, and mental stress on the risk of SGA birth.
Conclusions
This study showed that neither the amount nor the quality of mothers' sleep was associated with the risk of SGA birth. Further studies will be needed to investigate the effect of various other factors such as sleep duration, working hours, and mental stress on the risk of SGA birth.
Limitations
Our study has a methodologic limitation in that the data on sleep duration were obtained by a self-administered questionnaire, and thus, may have been prone to misclassification. However, a previous study showed that self-assessed sleep duration yielded valid results in comparison with quantitative sleep assessment using actigraphy [16] . Our study has another limitation in that although the incidence of SGA births was relatively high among mothers who lacked weight gain information, we were unable to ascertain why this was so. Mothers excluded from this study due to unavailability of weight gain information might have influenced the results. 
